The prevalence of primary immunodeficiency diseases (PID) in Europe and in the United States is quoted as 1 per 10 000 and 20 000, respectively. 1, 2 An increasing number of PID have been identified, which can predispose to life-threatening infectious diseases particularly if the diagnosis is delayed in the most severe conditions (eg, severe combined immunodeficiency diseases [SCID] ). 3, 4 Identification of most children with primary immunodeficiencies relies on the awareness of families and their physicians of PID and a high index of suspicion leading to prompt referral to specialists trained in the management of these complex diseases. Patient support groups such as the National Primary Immunodeficiency Resource Center in the United States and the Primary Immunodeficiency Association in the United Kingdom, as well as specialists, are currently promoting the use of 10 warning signs of primary immunodeficiency to help with the diagnosis of PID. 5, 6 The development of these warning signs by the Jeffrey Model Foundation was based on expert opinion, and there is currently little or no population-based evidence to support their general use. We therefore investigated the presenting symptoms of children referred to 2 pediatric immunology units in northern England to determine which warning signs were most helpful in identifying children with defined PID. The primary aim of the study was to produce a simple, evidence-based schema for the identification of children with potentially life-threatening immune disorders. It is suggested that heightened awareness by the general public and physicians is required if PID are to be diagnosed in a more timely fashion. 5 The second aim of this study was to determine where awareness campaigns should most effectively be targeted.
METHODS
The clinical records of 430 children who presented with specific diagnoses of PID to the regional pediatric immunology centers at Royal Manchester Children's Hospital in Manchester and Newcastle General Hospital in Newcastle on Tyne over the last decade were reviewed. Special note was made of the children's presenting symptoms in relation to the 10 warning signs of PID currently promoted by the National Primary Immunodeficiency Resource Center, 5 as well as routine demographic data. A total of 133 children who presented sequentially to the regional pediatric immunology center in Manchester during the same period with severe, unusual, or recurrent infections but in whom investigations failed to reveal an underlying PID were used for comparative purposes. Because no patient or physician involvement was involved in this survey and there were no perceived ethical issues, research ethics approval was not required.
The most current version of the 10 warning signs developed by the Jeffrey Model Foundation Medical Advisory Board used for comparative purposes in this study are: month, and neutrophil PID also presented early in infancy. Children who had the most severe T-lymphocyte immunodeficiencies (ie, SCID) presented at a median age of 1 month (IQR: 0 -3) and the time from first symptoms to diagnosis was only 1 month (IQR: 0 -4). Children with T-cell immunodeficiencies at the less severe end of the spectrum had a later onset of symptoms (3 months [IQR: 1-12]), and the delay in making the diagnosis was proportionally longer at 18 months (IQR: 5-36).
Frequency of the 10 Warning Signs in Children With PID
The proportion of children with each of the 10 warning signs is shown in Table  3 . A family history was present in onethird of children with PID, compared with only 4% of children in whom no PID was found; two-thirds of children with complement deficiencies had a positive family history. Compared with children with no definable PID, deepseated infections and pneumonias were not more common in children with PID. Although failure to thrive was significantly more common, recurrent otitis media and sinus infections were significantly less common in patients with T-lymphocyte and neutrophil PID. Deep skin or organ abscesses were largely a problem in patients with neutrophil PID and persistent thrush largely confined to children with T-lymphocyte PID. Although approximately half of all children in the cohort had been given intravenous antibiotics for sepsis, the percentage was significantly higher (82%) in those with neutrophil PID. Before diagnosis, prolonged courses of oral antibiotics were often prescribed to children with defined PID.
Warning Signs Most Predictive of PID
The strongest identifier of PID was a family history of immunodeficiency disease, defined as physiciandiagnosed PID in a family member. Overall, a family history was 18-fold more common in children with PID than those without definable PID (Table  4) . Once family history had been accounted for, the 2 most helpful warning signs were use of intravenous an- 
Referrals from primary care, n (%) 9 (7) 18 (4) 2 (6) 11 (15) Discrete data are given as number (percentage); continuous data are given as median (interquartile range).
tibiotics to treat bacterial infections in identifying children with neutrophils PID and failure to thrive in children with T-lymphocyte PID. Using these 3 signs, 96% of patients with neutrophil and complement PID and 89% of children with T-lymphocyte PID could be correctly identified (Fig  1) . Of the remaining 29 children in the latter group, 12 had DiGeorge syndrome and could be identified by asking about congenital anomalies, which led to an overall pick-up rate in this group of 93%. Family history was the only 1 of the 10 warning signs to significantly distinguish children with B-lymphocyte PID from those with no PID.
DISCUSSION
Our results provide a simple evidence-based schema for identifying children with PID; until now, guidelines have relied largely on expert opinion. 5 Because our data demonstrate that 95% of children with PID are referred by hospital pediatricians and 1 of the key warning signs is the need for intravenous antibiotics to treat sepsis, it seems logical to focus on educating physicians rather than the general public to ensure that children with PID are diagnosed in a timely fashion. 7 Indeed, the success of a physician-focused awareness program in central and eastern Europe (J Project) is clearly illustrated by the exponential increase in the incidence of patients with PID followed up between 2004 and 2007 (from tens to thousands of patients). 
FIGURE 1
Minimal clinical criteria for identifying children with PID that affect T cells, B cell, complement, and neutrophils. Shown is the percentage of patients who remained undiagnosed after taking into account family history of PID (FH), use of intravenous antibiotics to treat infection (IVs), and failure to thrive (FTT). Percentage of children remaining in the "no PID" group are given for comparison. We also found that a positive family history is the key warning sign of PID. In addition to educating hospital-based pediatricians, families of children with PID should receive genetic counseling and understand the importance of screening all subsequent children soon after birth if unnecessary morbidity and mortality are to be avoided. Particularly in PID with an autosomal recessive basis, parental consanguinity is important. Countries with high rates of consanguinity-such as north and sub-Saharan Africa, the Middle East, and west, central, and south Asia-are likely to have a higher prevalence. 9 For example, in Egypt, 10 Kuwait, 11 and Iran, 12 where more than half of the parents are second cousins or even more closely related, studies have highlighted the link between consanguinity and PID. Regional variation in the prevalence of PID also occurs within countries. An example is the higher prevalence of PID in ethnic Turks living in northwestern Iran. 13 A northwestern England PID database set up in 2002 and incorporating prospective information of all patients seen in the 2 tertiary PID centers, found a threefold higher prevalence of defined PID (1 per 3600 children) than in the United Kingdom as a whole (unpublished data). This northwest area is home to 25% of total Asians from the Indian Subcontinent living in England, and Ͼ50% of the parents from this ethic group are in first-cousin marriages. 14 Pediatricians managing children with infectious diseases, particularly infants and young children needing intravenous antibiotics for sepsis, should inquire about a family history of PID. Physicians caring for infants who also have congenital anomalies or failure to thrive should specifically exclude T-lymphocyte PID.
Public awareness campaigns have undoubtedly had a major impact on the burden of some diseases, 15 including relatively rare diseases such as sudden infant death syndrome. 16 However, these public awareness campaigns regarding PID should not take priority over targeting general pediatricians and families with other children suffering from PID if the overall burden of PID is to be reduced. 17 The simple schema in Fig 2 allows grams using T-cell receptor excision circle for SCID have recently been developed 18, 19 and implemented in pilot schemes in the United States. [20] [21] [22] Although newborn screening technology may detect children with SCID, it does not currently identify children with the remaining Ͼ120 PID that can also be life-threatening or life-limiting but are not associated with low T-cell receptor excision circle values. 23 No clinical guidelines can be allinclusive. At least 4% of children with PID will be missed even if the recommendations made in this study are followed. Our knowledge of the spectrum of PID has expanded over the last 2 decades. 23 It is increasingly recognized that specific PID predispose to the development of not only infectious diseases but also inflammatory, autoimmune, allergic, and neoplastic conditions, particularly in infants and young children. 24, 25 Severe, recurrent, or unusual infections are thus not the only clinical presentation in which PID needs to be considered in the differential diagnosis. Optimizing detection and management of children with PID requires that pediatricians, particularly those working in hospitals, remain vigilant to the possibility that children who present with these conditions may have an underlying immunodeficiency.
CONCLUSIONS
Delayed diagnosis of PID may be associated with increased morbidity and mortality. Pediatricians refer the majority of children with PID to specialist services for specific diagnosis and treatment. On the basis of our analysis, we found 3 warning signs, rather than 10, that are most important in identifying children with PID. In children presenting with infection, pediatricians should always inquire about a family history of PID, as this is the best predictor that the patient may also have an underlying immunodeficiency. PID, particularly neutrophil defects, should be considered in children requiring intravenous antibiotics for sepsis. In children with infections, failure to thrive should suggest the possibility of a T-cell immunodeficiency. In those with recurrent or severe infections, clinical features other than family history are often not helpful and a lower threshold is required for requesting antibody testing in which the diagnosis of a B-cell immunodeficiency is suspected.
